










RQ ORFDO VWUXFWXUDO ORDGV7KHSURFHVV LV FRPSULVHGRI WZRFRUHHOHPHQWVDPXOWLERG\VLPXODWLRQ DQDO\VLV
DQGDVXEVHTXHQWGLUHFWWUDQVLHQWUHVSRQVHILQLWHHOHPHQWDQDO\VLV7KHPXOWLERG\VLPXODWLRQLVXVHGIRUWKH
VLPXODWLRQRIDLUFUDIW ODQGLQJ ORDGV7KHVH ORDGVDUH WKHQDSSOLHG WRDQDLUFUDIW ILQLWHHOHPHQWPRGHOYLDD
GLUHFWWUDQVLHQWUHVSRQVHIRUDPRUHGHWDLOHGDQDO\VLVRIWKHDLUFUDIWG\QDPLFEHKDYLRUDWWKHGHVLUHGSRLQWV
RI LQWHUHVW7KHSURFHVVKDVEHHQGHYHORSHGXVLQJ ODQGLQJVLPXODWLRQV RI WZR UHIHUHQFHDLUFUDIWZLWK WKHLU
FRUUHVSRQGLQJ ILQLWH HOHPHQWPRGHOV 7KHREMHFWLYH RI WKH FXUUHQW DFWLYLWLHV LV WR VWXG\ WKH HIIHFW RIPDMRU





WKH ORDGVDQDO\VLVSURFHVV*HQHUDOO\ WKH ODQGLQJ LPSDFW
LVVLPXODWHGXVLQJPXOWLERG\DQDO\VLV 0%6DSSURDFKHV
HLWKHU FXVWRPFRGHGRU LQ WKH IRUPRI VWDQGDUG VRIWZDUH
7KH VWUXFWXUDO G\QDPLFV RI WKH DLUIUDPH FDQ EH UHSUH
VHQWHG E\ LQFOXGLQJ UHGXFHG PRGHOV RI WKH VWUXFWXUDO




H[DPSOH RI WKH DSSOLFDWLRQ RI 0%6 ZLWK WKH UHGXFHG
PRGHOVRIWKHVWUXFWXUDOHODVWLFLW\IRUWKHDQDO\VLVRIDLUFUDIW
G\QDPLFEHKDYLRUVGXHWRWKHODQGLQJLPSDFWFDQEHIRXQG
LQ >@ DQG >@ +RZHYHU WKH GHWHUPLQDWLRQ RI ORFDO WUDQ
VLHQW G\QDPLF ORDGV RYHU WKH DLUFUDIW VWUXFWXUH XVXDOO\
GHILQHG LQ D GHWDLOHG ILQLWH HOHPHQW PRGHO IURP WKRVH
PRGHOVLVQRWVWUDLJKWIRUZDUG
7KLVSDSHULQWURGXFHVDQHZSURFHVVZLWKWKHREMHFWLYHWR
LPSURYH WKH OLPLWDWLRQVGHVFULEHGDERYH7KHFRUHRI WKLV
SURFHVV LV WKH FRPELQDWLRQ RI D PXOWLERG\ VLPXODWLRQ
DQDO\VLVIRUWKHGHWHUPLQDWLRQRIDLUFUDIWODQGLQJORDGVDQG
WKHVXEVHTXHQW DSSOLFDWLRQRI DGLUHFW WUDQVLHQW UHVSRQVH
ILQLWH HOHPHQW DQDO\VLV IRU D GHWDLOHG DQDO\VLV RI WKH
DLUFUDIWG\QDPLFEHKDYLRU
0XOWLERG\ VLPXODWLRQ SURYLGHV D QXPHULFDO UHSUHVHQWDWLRQ
RIWKHHTXDWLRQVRIPRWLRQRILQWHUFRQQHFWHGULJLGRUHODVWLF
ERGLHV 7KHPRWLRQ RI WKHVH ERGLHV LV LQIOXHQFHG E\ WKH
UHDOLVWLF UHSUHVHQWDWLRQ RI DSSOLHG IRUFHV DQG NLQHPDWLFDO
FRQVWUDLQWV WR WKH ERGLHV 0%6 ZLWK LWV SK\VLFVEDVHG
IRUFH URXWLQHV VXFK DV QRQOLQHDU VKRFN DEVRUEHU IRUFHV
DQG WLUH IRUFHV KDV EHHQ ZHOOSURYHQ IRU D G\QDPLF
DQDO\VLV RI DLUFUDIW GXULQJ ODQGLQJ DQG JURXQG
PDQRHXYUHV+RZHYHU0%6KDVDOLPLWDWLRQLQWKHVL]HRI
WKH HODVWLF UHSUHVHQWDWLRQ ZKLFK FDQ EH LPSRUWHG IURP D
ILQLWH HOHPHQW PRGHO 0%6 PRGHOV DUH XVXDOO\ VHYHUDO
RUGHUV RI PDJQLWXGH VPDOOHU WKDQ GHWDLOHG ILQLWH HOHPHQW
PRGHOV )(0 XVHG LQ DLUFUDIW ORDGV DQDO\VLV 7KHVH
PRGHOV KDYH JHQHUDOO\ WR EH UHGXFHG HJ E\ D *X\DQ
UHGXFWLRQRUE\DJHQHUDOL]HGG\QDPLF UHGXFWLRQ >@ LQD
SUHSURFHVVLQJVWHSEHIRUH WKH\FDQEH LPSRUWHG LQWRDQ
0%6PRGHO$V WKH UHVXOW JOREDOVWUXFWXUDO EHKDYLRUFDQ
EHZHOO UHSUHVHQWHG EXW WKH UHSUHVHQWDWLRQ RI D GHWDLOHG
G\QDPLF UHVSRQVH VXFK DV HJ WKH DFFHOHUDWLRQ RI




IRU G\QDPLF ORDGVDQG VWUHVV DQDO\VLV 9HU\ ODUJH HODVWLF
PRGHOV DUH SRVVLEOH WKH VWUXFWXUDO PRGHOV DUH LQ WKH




LV D PHWKRG WR FRPSXWH WKH G\QDPLF UHVSRQVH RI D
VWUXFWXUH VXEMHFWHG WR D WLPHYDU\LQJ H[FLWDWLRQ 7KHVH
H[FLWDWLRQV FDQ EH JLYHQ LQ WKH IRUPRI DSSOLHG IRUFHV RU
HQIRUFHGPRWLRQV 7KH LPSRUWDQW UHVXOWV REWDLQHG IURP D
WUDQVLHQW DQDO\VLV DUH W\SLFDOO\ GLVSODFHPHQWV YHORFLWLHV
DQG DFFHOHUDWLRQV RI JULG SRLQWV DV ZHOO DV IRUFHV DQG
VWUHVVHVLQHOHPHQWV>@
%DVHG RQ WKH FKDUDFWHULVWLFV RI WKH WZR VLPXODWLRQV
PHWKRGV GHVFULEHG DERYH WKH VRFDOOHG µ+\EULG 0XOWL
ERG\)XOO)LQLWH(OHPHQW6LPXODWLRQ$SSURDFK¶KDVEHHQ
GHYHORSHG ,Q WKH DSSURDFK WKH DLUFUDIW ODQGLQJ JHDU
DWWDFKPHQW ORDGV DUH GHWHUPLQHG YLD 0%6 XVLQJ D
UHGXFHG ILQLWH HOHPHQW PRGHO IRU WKH DLUFUDIW VWUXFWXUH
7KHVH ORDGV DUH WKHQ XVHG DV WKH LQSXW IRU D GLUHFW
WUDQVLHQW UHVSRQVH ILQLWH HOHPHQW DQDO\VLV RI WKH IXOO
DLUFUDIW ILQLWH HOHPHQW PRGHO $V WKH UHVXOW RI WKH
FRPELQDWLRQ RI WKHVH WZR DQDO\VHV D VWUXFWXUDO G\QDPLF
UHVSRQVHFDQEHREWDLQHGIRUDOOGHWDLOVUHSUHVHQWHGLQWKH
ILQLWHHOHPHQWPRGHO
7KH IROORZLQJ VHFWLRQ RI WKLV SDSHU IRFXVHV RQ WKH
GHVFULSWLRQRIWKHQHZSURFHVV7KHSURFHVVIORZDQGWKH
LQWHUIDFH EHWZHHQ WKH WZR DQDO\VHV DUH H[SODLQHG
,PSRUWDQW LQWHUIDFH DQG PRGHOOLQJ SDUDPHWHUV DUH DOVR
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DGGUHVVHG LQ WKH VHFWLRQ DQG WKH REMHFWLYH RI WKH
SDUDPHWHUVWXGLHVLVGHVFULEHG$IWHUZDUGVWKHVLPXODWLRQ
DQGDQDO\VLVPRGHOVIRUWKHYDOLGDWLRQRIWKHQHZSURFHVV
DUH SUHVHQWHG 'HWDLOV RI WKH0%6PRGHOV DQG WKH ILQLWH
HOHPHQW PRGHOV IRU WKH WUDQVLHQW DQDO\VLV RI WKH WZR
UHIHUHQFHV DLUFUDIW DUH H[SODLQHG DV ZHOO DV VLPXODWLRQ
VFHQDULRV7KH ILQDOVHFWLRQGLVFXVVHV WKH UHVXOWRI WKRVH
VLPXODWLRQV WKH PDMRU IRFXV EHLQJ RQ WKH HIIHFW RI WKH
LQWHUIDFH SDUDPHWHU VHWWLQJV DV ZHOO DV RI ILQLWH HOHPHQW
PRGHOOLQJ LVVXHV RQ WKH UHVXOWV RI WKH DLUFUDIW G\QDPLF
UHVSRQVHV
 $66(60(172)'<1$0,&/$1',1*/2$'6
%< $ +<%5,' 08/7,%2'<  )8// ),1,7(
(/(0(17$3352$&+
$V PHQWLRQHG SUHYLRXVO\ WKLV ZRUN LQWURGXFHV D µ+\EULG
0XOWLERG\)XOO)LQLWH(OHPHQW$SSURDFK¶IRUDQLPSURYHG
GHWHUPLQDWLRQ RI WKH G\QDPLF UHVSRQVH RI WKH DLUFUDIW
VWUXFWXUH GXH WR ODQGLQJ JHDU ORDGV )LJXUH  VKRZV WKH
GLDJUDPRIWKHSURFHVV7KH0%6WRROLPSOHPHQWHGLQWKH





$ ILQLWH HOHPHQWPRGHO RI WKH DLUFUDIW VWUXFWXUH IRUPV WKH
VWDUWLQJ SRLQW RI WKH SURFHVV 7KLVPRGHO KDV WR EH SUH








ILQLWH HOHPHQW PRGHO ZLWK WKH PDVV DQG VWLIIQHVV
LQIRUPDWLRQ DW WKH FRQGHQVHG QRGHV LV WKHQ LPSRUWHG WR






DQG FRQQHFWHG WR WKH DLUIUDPH DW WKH ODQGLQJ JHDU
DWWDFKPHQWSRLQWVLHWKHUHVSHFWLYHLQWHUIDFHQRGHV7KH
LQLWLDO FRQGLWLRQV DUH GHILQHG FRQVLVWLQJ RI IRUZDUG DQG
YHUWLFDO ODQGLQJVSHHGDVZHOODVWKHVFHQDULRHJWKUHH
SRLQW ODQGLQJ RU WZR SRLQW ODQGLQJ $IWHUZDUGV D WLPH
GRPDLQ ODQGLQJ VLPXODWLRQ LQ 0%6 LV SHUIRUPHG 7KH
ODQGLQJ JHDU DWWDFKPHQW ORDGV DUH REWDLQHG LQ WKH WLPH
GRPDLQ
7KH ORDGV DUH WUDQVIHUUHG LQWR WKH DSSURSULDWH IRUPDW RI
WKH )(0 WRRO DQG DUH DSSOLHG WR WKH IXOO GHWDLOHG ILQLWH
HOHPHQW PHWKRG IRU WKH WUDQVLHQW DQDO\VLV 7KH PHWKRG
ZKLFKLVLPSOHPHQWHGLQWKLVSURFHVVLVWKHGLUHFWWUDQVLHQW
DQDO\VLV PHWKRG RI 06& 1$675$1 WKH VRFDOOHG
62/ 7KH UHVXOW IURP WKH WUDQVLHQW DQDO\VLV FDQ EH
HOHPHQW VWUHVV HOHPHQW IRUFH DQG QRGDO G\QDPLF
UHVSRQVH VXFK DV YHORFLW\ DQG DFFHOHUDWLRQ )RU WKH
DVVHVVPHQW RI WKH SURFHVV GHVFULEHG LQ WKH SDSHU WKH
PDLQIRFXVLVRQWKHFRPSDULVRQRIQRGDODFFHOHUDWLRQV
7ZR NH\ HOHPHQWV SOD\ DQ LPSRUWDQW UROH LQ WKH GHWHU
PLQDWLRQ RI WKH DLUFUDIW G\QDPLF UHVSRQVH 7KH ILUVW NH\
HOHPHQW LV WKH UHDOLVWLF GHWHUPLQDWLRQRI WKH ODQGLQJ JHDU
DWWDFKPHQW ORDGV LQ WKH 0%6 VLPXODWLRQ )RU DQ HODVWLF
DLUFUDIWWKHUHLVDGHSHQGHQFHRIWKHODQGLQJORDGVRQWKH
UHSUHVHQWDWLRQRIWKHHODVWLFDLUIUDPHLQWKH0%6PRGHO$
SDUDPHWHU WKDW VLJQLILFDQWO\ HIIHFWV WKLV UHSUHVHQWDWLRQ LV
WKHQXPEHURIVHOHFWHGHLJHQPRGHVGXULQJ WKH0%6SUH
SURFHVVLQJ7KHVHOHFWHGHLJHQPRGHVVKDOOFRYHUDOORIWKH
UHOHYDQW PRGH VKDSHV DQG HLJHQIUHTXHQFLHV WKDW DUH
FRQFHUQHGZLWKWKHDLUFUDIWVWUXFWXUDOSDUWRILQWHUHVW
7KH VHFRQG NH\ HOHPHQW LV WKH SURSHU WUDQVIHU RI WKH
JURXQG ORDGV IURP WKH DWWDFKPHQWSRLQWV LQWR WKH DLUFUDIW
VWUXFWXUH 7KHVH WUDQVIHU HOHPHQWV VKDOO UHSUHVHQW WKH





D SDUDPHWHU VWXG\ RQ WKH QXPEHU RI HLJHQPRGHV RI WKH
UHGXFHGILQLWHHOHPHQWPRGHOWREHVHOHFWHGIRUWKHXVHLQ
0%6 DQDO\VLV ,Q WKH VWXG\ WKH G\QDPLF UHVSRQVH IURP
WKH 0%6 DQDO\VLV ZLOO EH FRUUHODWHG ZLWK WKH G\QDPLF
UHVSRQVH IURP WKH )(0 WUDQVLHQW DQDO\VLV 7KH VHFRQG
VWXG\LVDQLQYHVWLJDWLRQRIGLIIHUHQWPRGHOOLQJDSSURDFKHV
IRUWKHWUDQVIHURIODQGLQJJHDUORDGVLQWRWKHDLUIUDPH7KH
REMHFWLYHRIERWKVWXGLHV LV WR ILQGDSURSHUVHWXSRI WKH
0%6 PRGHO DQG RI WKH WUDQVLHQW DQDO\VLV PRGHO
SDUDPHWHUV
6HFWLRQ  SUHVHQWV LQ PRUH GHWDLO WKH PRGHOOLQJ RI WKH
0%6DQGWKHWUDQVLHQWDQDO\VLVPRGHOVZKLFKDUHXVHGLQ

















7ZR UHIHUHQFH DLUFUDIW FRQILJXUDWLRQV DUH XVHG IRU WKH
GHYHORSPHQW RI WKH QHZ SURFHVV 7KH ILUVW DLUFUDIW LV D
VLPSOLILHG FRQFHSWXDO PRGHO RI D  SDVVHQJHU DLUFUDIW
FRQILJXUDWLRQ 7KH VHFRQG DLUFUDIW LV WKH '/5'
FRQILJXUDWLRQ D WUDQVSRUW DLUFUDIWPRGHOOHGZLWK D SUHOLP
LQDU\ GHVLJQ OHYHO RI GHWDLO 7KH IROORZLQJ SDUDJUDSKV
GHVFULEHWKHWZRDLUFUDIWFRQILJXUDWLRQVPRUHFORVHO\
 &RQFHSWXDO3DVVHQJHU$LUFUDIW





P7KHDLUFUDIW LVHTXLSSHGZLWKD WZLQQRVH ODQGLQJ
JHDU DQG WZR WZLQ PDLQ ODQGLQJ JHDUV 7KH DLUIUDPH LV
GHVFULEHG E\ D VPDOO ILQLWH HOHPHQW PRGHO RQO\







7KH VHFRQG UHIHUHQFH DLUFUDIW PRGHO LV WKH '/5'
FRQILJXUDWLRQ IRU ZKLFK D PRUH GHWDLOHG ILQLWH HOHPHQW
PRGHO LV DYDLODEOH 7KLV DLUFUDIW KDV EHHQ FUHDWHG DQG
XVHG LQ VHYHUDO '/5 LQWHUQDO SURMHFWV 7KH '/5'
DLUFUDIW LV D ORZZLQJ FLYLO WUDQVSRUW DLUFUDIW RI WKH 
SDVVHQJHU FODVV 7KH PD[LPXP WDNHRII ZHLJKW RI WKH
'/5'LVW7KHZLQJVSDQLVP7KHDLUFUDIW




7KH VWUXFWXUDO PRGHO RI WKH '/5' RIIHUV DQ
RSSRUWXQLW\ WR VWXG\ WKH HIIHFW RI WKHQXPEHURI VHOHFWHG
HLJHQPRGHVRQ WKH UHVXOWVRI WKHPXOWLERG\VLPXODWLRQ ,W
KDV DOVR EHHQ XVHG WR LQYHVWLJDWH WKH HIIHFW RI WKH








,Q SULQFLSOH DQ 0%6 V\VWHP LV FRPSULVHG RI YDULRXV
µERGLHV¶ WKDW DUH FRQQHFWHG YLD GLIIHUHQW µMRLQWV¶ DQG WKH






x 7KH IRUFH HOHPHQWV ZLWKLQ WKH ODQGLQJ JHDU
VXEVWUXFWXUHV
)LJXUH  WRS VKRZV DQ 0%6 VFKHPDWLF IRU DQ DLUFUDIW
ODQGLQJVLPXODWLRQRI DQDLUFUDIWZLWKD WZLQQRVH ODQGLQJ
JHDUDQGWZRWZLQPDLQODQGLQJJHDUVWKHDLUFUDIWODQGLQJ
JHDUFRQILJXUDWLRQRIERWKUHIHUHQFHDLUFUDIWLQWKLVSDSHU
7KH DLUFUDIW LV FRQQHFWHG WR WKH µJOREDO¶ UHIHUHQFH
FRRUGLQDWH V\VWHP YLD D  GHJUHHRIIUHHGRP MRLQW VHH
)LJXUH  WRS 7KH ODQGLQJ JHDU VXEVWUXFWXUHV DUH
FRQQHFWHGWRWKLVUHIHUHQFHERG\YLDDULJLGMRLQW
(DFK RI WKH ODQGLQJ JHDU VXEVWUXFWXUHV VHH )LJXUH 
ERWWRP LV FRPSULVHG RI YDULRXV ERGLHV MRLQWV DQG IRUFH
HOHPHQWV0DLQILWWLQJVKRFNVWUXWERJLHD[OHDQGZKHHOV
DUH PRGHOHG DV ULJLG ERGLHV 7KH VKRFN DEVRUEHU IRUFH
HOHPHQW DFWV EHWZHHQ PDLQ ILWWLQJ DQG VKRFN VWUXW 7KH
DWWDFKPHQWVWRWKHDLUIUDPHDUHDVVXPHGWREHULJLG1RWH
WKDW IRU WKH VLPXODWLRQ RI WKH ODQGLQJ LPSDFW WKH
DHURG\QDPLF IRUFHV DUH QRW H[SOLFLWO\ FDOFXODWHG EXW DUH
DVVXPHG WR H[DFWO\ FRXQWHU WKH JUDYLWDWLRQDO IRUFH 7KLV
DSSURDFK LV MXVWLILHG IRU YHU\ VKRUW VLPXODWLRQ GXUDWLRQV
ZKHUHRQO\WKHSHDNORDGRIWKHLPSDFWLVRILQWHUHVW
7KH ODQGLQJJHDUPRGHOOLQJDSSURDFKGHVFULEHGDERYH LV
VLPSOLILHG EXW UHPDLQV FRPSOH[ HQRXJK WR UHSUHVHQW WKH
G\QDPLFDO EHKDYLRU RI WKHDFWXDO ODQGLQJJHDUGXULQJ WKH
FRQFHSWXDODQGSUHOLPLQDU\GHVLJQSKDVH$QH[DPSOHRI
WKH XVH RI WKLVPRGHOOLQJ DSSURDFK LV WKH DVVHVVPHQW RI
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
)LJXUH  0%6 WRSRORJ\ GLDJUDP IRU D &RQFHSWXDO 
3DVVHQJHUPRGHO

7KH WKUHH IROORZLQJPDMRU IRUFHHOHPHQWVDUHVXIILFLHQW WR
UHSUHVHQW WKH FKDUDFWHULVWLFV RI WKH ODQGLQJ JHDU VKRFN
DEVRUEHU
2OHR*DVVSULQJ
7KH JDV VSULQJ LV UHSUHVHQWHG E\ WKH ODZ RI SRO\WURSLF
H[SDQVLRQ>@




ZLWK VSULQJ IRUFH)I  SUHVWUHVV IRUFH) ROHR VWURNHV
ROHR JDV OHQJWK VP SRO\WURSLF FRHIILFLHQW Q DQG D
FRUUHFWLRQ IDFWRU FN 7KH YDOXH RI QFN LV DVVXPHG WR EH
ZKLFKLVDFRPPRQYDOXHIRUDFRPPHUFLDODLUFUDIWRI
WKLV SDVVHQJHU FODVV 7KH ROHR VWURNH V LV PHDVXUHG









 ܨௗ ൌ ሺݏሶሻ ή  ή ݏሶ ଶ
ZLWK ROHR VWURNH YHORFLW\ ݏሶ  ROHR GDPSLQJ IRUFH )G DQG
GDPSLQJ FRHIILFLHQW G 7KH GDPSLQJ FRHIILFLHQW FDQ EH
DGMXVWHG IRU WRXFKGRZQ RU IRU UROOLQJ RI WKH DLUFUDIW 7KH
ROHR VWURNH YHORFLW\ LV PHDVXUHG LQWHUQDOO\ LQ 6,03$&.




7KH WLUH FRQQHFWV WKH ZKHHO WR WKH UXQZD\ ZKHQ WKH
DLUFUDIW LV RQ WKH JURXQG 7KH VLPXODWLRQ IRUFH HOHPHQW
PHDVXUHVWKHKHLJKWRIWKHZKHHOD[LVZLWKUHVSHFWWRWKH
H[FLWDWLRQ 7KLV UROOLQJ UDGLXV UU LV VXEWUDFWHG IURP WKH
QRPLQDOWLUHUDGLXVUQRPWRGHWHUPLQHWKHWLUHGHIOHFWLRQG]
 ݀௭ ൌ ݀ݎ௡௢௠ െ ݎ௥
7KHZKHHOLVPRGHOHGDVDVHSDUDWHERG\ZLWKDURWDWLRQDO
GHJUHH RI IUHHGRP 7KH ORQJLWXGLQDO PRWLRQ RI WKH ERG\
ZLWKUHVSHFWWRWKHUXQZD\LVXVHGWRFDOFXODWHWLUHVOLSDQG
WRUTXHRQWKHZKHHO7KHPDMRUWLUHIRUFHYHUWLFDOIRUFH)]
LV FDOFXODWHGXVLQJ WKH WLUHGHIOHFWLRQ IURP(TXDWLRQ DV
IROORZV
 ܨ௭ ൌ ܿଵ݀௭ െ ܨ௭ே െ ݀௧ݒ௭





)RU ORQJLWXGLQDO IRUFHV WKHVOLSFDOFXODWHGLQWKHPDLQWLUH
HOHPHQWLVXVHG,WLVGHILQHGDVWKHUDWLRRIWKHKRUL]RQWDO
YHORFLW\ RI WKH ZKHHO FRQWDFW SRLQW DQG WKH D[OH IRUZDUG
YHORFLW\Y[DV




FDQ EH GHWHUPLQHG DV D IXQFWLRQ RI WKH VOLS )LQDOO\ WKH
ORQJLWXGLQDOIRUFH)[ZKLFKLVDIXQFWLRQRIYHUWLFDOIRUFH)]
DQGȝ5:FDQEHHYDOXDWHGDV
 ܨ௫ ൌ ߤோௐ ή ܨ௭
7KH YHUWLFDO DQG ORQJLWXGLQDO IRUFHV GHVFULEHG DERYH DUH
VXIILFLHQWLQWKLVZRUNZKLFKLVUHVWULFWHGWRVWUDLJKWDLUFUDIW
PRWLRQZLWKRXWWXUQLQJORDGFDVHV
$OO GDWD IRU ODQGLQJ JHDU PDVV JDV VSULQJ DQG ROHR
GDPSHU SDUDPHWHUV DV ZHOO DV WKH WLUH YHUWLFDO VWLIIQHVV
DQG WLUH GDPSLQJ FRHIILFLHQW KDYH EHHQ WDNHQ IURP WKH
'/5LQWHUQDOGDWDEDVH
7KH ODQGLQJ JHDUV DUH PRGHOOHG DV ULJLG ERGLHV 7KLV LV
VXIILFLHQW IRU WKH G\QDPLF UHVSRQVH VWXG\ ZKLFK KDV D





)LJXUH  VKRZV WKH SUHSURFHVVLQJ IORZ GLDJUDP RI
6,03$&.IRUWKHLPSRUWRIWKHHODVWLFDLUIUDPHERG\LQWR
WKH0%6V\VWHP7KHSUHSURFHVVLQJEHJLQVZLWKDPRGHO
UHGXFWLRQ RI WKH IXOO ILQLWH HOHPHQW PRGHO RI WKH DLUFUDIW
VWUXFWXUH 7KH ILQLWH HOHPHQWPRGHOVDUH EXLOW XS LQ06&
1$675$1 7KH PHWKRG IRU WKH PRGHO UHGXFWLRQ LV WKH
JHQHUDOL]HGG\QDPLFUHGXFWLRQPHWKRG7KHGHWDLOVRIWKLV
PHWKRGFDQEHIRXQGLQ06&>@$YHU\LPSRUWDQWWDVNRI
WKH PRGHO UHGXFWLRQ LV WKH SURSHU VHWXS RI WKH
VXSHUHOHPHQWLQWHUIDFHQRGHV7KHVHQRGHVDUHWKHQRGHV
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)LJXUH  3URSURFHVVLQJ GLDJUDP RI WKH LPSRUW RI WKH
HODVWLFDLUIUDPHERG\LQWRWKH0%6ODQGLQJVLPXODWLRQ
$IWHUWKHPRGHOUHGXFWLRQD6,0$3&.LQWHUIDFHLQSXWILOH







VHOHFWHG WR EH XVHG E\ WKH QXPHULFDO VROYHU GXULQJ WKH
ODQGLQJVLPXODWLRQ
$V PHQWLRQHG DERYH WKH GHILQLWLRQ RI WKH VXSHUHOHPHQW
LQWHUIDFHQRGHVDQGWKHVHOHFWLRQRIUHOHYDQWHLJHQPRGHV
SOD\ DPDMRU LQ WKH UHDOLVWLF UHSUHVHQWDWLRQRI WKH DLUFUDIW
VWUXFWXUHGXULQJWKH0%6ODQGLQJVLPXODWLRQ7KHIXOO)(0
LVFRPSOHWHO\PRGHOOHGDV'VKHOOHOHPHQWV&RQFHUQLQJ
WKH VXSHUHOHPHQW LQWHUIDFHQRGHV IRU WKH FRQFHSWXDO 
SDVVHQJHUDLUFUDIWGXH WR WKHVPDOOVL]HRIQRGHVRI
WKHIXOOILQLWHHOHPHQWPRGHODOORIWKHQRGHVDUHVHWWREH
WKH VXSHUHOHPHQW QRGHV )LJXUH  VKRZV WKH IXOO ILQLWH
HOHPHQWRIWKHFRQFHSWXDOSDVVHQJHUDLUFUDIW
7KH VWUXFWXUH RI WKH'/5' LVPRGHOHGZLWK D ORWPRUH




WKH '/5' FRQWDLQV  QRGHV ZKLFK LV RYHU WKH
OLPLWDWLRQ RI WKH G\QDPLF GHJUHHV RI IUHHGRP WKDW FDQ EH
KDQGOHG LQ WKH 0%6EDVHG ODQGLQJ VLPXODWLRQ 7KH







7KXV WKH '/5' VXSHUHOHPHQW LQWHUIDFH QRGHV DUH
GHILQHGDWWKHORDGUHIHUHQFHD[LVRIWKHDLUFUDIW7KHUHDUH
LQ WRWDOVXSHUHOHPHQW LQWHUIDFHQRGHVGHILQHG IRU WKH
'/5'DLUFUDIWZKLFKDUHLOOXVWUDWHGLQ)LJXUH

)LJXUH  6XSHUHOHPHQW LQWHUIDFH QRGHV DW WKH ORDG
UHIHUHQFHD[LVRIWKH'/5'
7KH VHOHFWLRQ RI WKH HLJHQPRGHV XVHG LQ WKH 0%6
VLPXODWLRQV LV SDUW RI WKH SDUDPHWHU VWXG\ SUREOHP
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 0%6/DQGLQJ6LPXODWLRQ6FHQDULRV
7KH LQLWLDO FRQGLWLRQV ZLOO EH VHOHFWHG LQ RUGHU WR FRYHU
UHSUHVHQWDWLYH H[DPSOHV RI SRVVLEOH WRXFKGRZQ
VFHQDULRV $V WKLV ZRUN KDV WKH PDLQ IRFXV RQ WKH
IXQFWLRQDOLW\ VWXG\ RI WKH SURFHVV D OHYHO ODQGLQJ D VR




VDPH LQVWDQW SLWFK DQJOH    \DZ DQJOH    UROO
DQJOH    7KH ODQGLQJ LV SHUIRUPHG DW D PD[LPXP
GHVFHQW YHORFLW\ RI  IWV 7KH DLUFUDIW LV ODQGHG ZLWK WKH
PD[LPXPWDNHRIIZHLJKW
 7UDQVLHQW$QDO\VLV0RGHO
7KH SXUSRVH RI D WUDQVLHQW UHVSRQVH DQDO\VLV LV WR
FRPSXWH WKH EHKDYLRU RI D VWUXFWXUH VXEMHFWHG WR WLPH
YDU\LQJ H[FLWDWLRQ 7KH WUDQVLHQW H[FLWDWLRQ LV H[SOLFLWO\
GHILQHGLQWKHWLPHGRPDLQ'HSHQGLQJXSRQWKHVWUXFWXUH
DQG WKH QDWXUH RI WKH ORDGLQJ WZR GLIIHUHQW QXPHULFDO





 ሾܯሿሼݑሷ ሺݐሻሽ ൅ ሾܤሿሼݑሶ ሺݐሻሽ ൅ ሾܭሿሼݑሺݐሻሽ ൌ ሼܲሺݐሻሽ
7KH PDWULFHV >0@ >%@ DQG >.@ DUH WKH DLUFUDIW IXOO ILQLWH
HOHPHQWV\VWHPPDVVPDWUL[GDPSLQJPDWUL[DQGVWLIIQHVV
PDWUL[UHVSHFWLYHO\3W LVWKHDSSOLHGODQGLQJJHDUORDGV
YHFWRU IURPWKH0%6DQDO\VLV7KHYHFWRUVݑሷ ሺݐሻݑሶ ሺݐሻDQG
ݑሺݐሻ DUH WKH V\VWHP DFFHOHUDWLRQ YHORFLW\ DQG
GLVSODFHPHQW YHFWRU UHVSHFWLYHO\ 7KH GHWDLOV RI WKH
QXPHULFDO PHWKRG RI WKH VROXWLRQ RI (TXDWLRQ  FDQ EH
IRXQG LQ >@ 7KH LPSRUWDQW UHVXOWV REWDLQHG IURP D
WUDQVLHQW DQDO\VLV DUH W\SLFDOO\ GLVSODFHPHQWV YHORFLWLHV
DQGDFFHOHUDWLRQVRIJULGSRLQWVDQG IRUFHVDQGVWUHVVHV
LQHOHPHQWV
7KH LPSRUWDQW DVSHFW RI WKH WUDQVLHQW UHVSRQVH DQDO\VLV
LPSOHPHQWDWLRQ LQ RUGHU WR REWDLQHG D FRUUHFW G\QDPLF
UHVSRQVH UHVXOW LV WKH FRUUHFW DSSOLFDWLRQ RI WKH WLPH
GHSHQGHQWH[WHUQDO IRUFH3W WR WKHVWUXFWXUHV\VWHPRI
LQWHUHVW ,Q WKLVSDSHU WKHHIIHFW RI GLIIHUHQW ODQGLQJJHDU
DWWDFKPHQW ILQLWH HOHPHQWV WRSRORJLHV RQ WKH DLUFUDIW
G\QDPLF VWUXFWXUDO UHVSRQVH LV LQYHVWLJDWHG 6HFWLRQ 
H[SODLQVWKLVVWXG\LQPRUHGHWDLO
 3DUDPHWHUV6WXG\'HILQLWLRQ
7KH IROORZLQJ SDUDJUDSKV GHVFULEHG WKH QHZ SURFHVV
IXQFWLRQDO WHVW DQG SURFHVV SDUDPHWHU VWXG\ ZKLFK DUH
SHUIRUPHGLQWKLVZRUN
 )XQFWLRQDOLW\7HVWRIWKH1HZ3URFHVV
7KH ILUVW VWXG\ LQ WKLV ZRUN LV RQ WKH IXQFWLRQDOLW\ RI WKH
QHZ SURFHVV LWVHOI 7KH IXQFWLRQDOLW\ RI WKH SURFHVV LV
WHVWHG E\ WKH ODQGLQJ VLPXODWLRQ RI WKH FRQFHSWXDO 
SDVVHQJHUDLUFUDIW7KH0%6VLPXODWLRQVFHQDULRDQG WKH
0%6PRGHOKDYHEHHQVHWXSDFFRUGLQJWRWKHGHVFULSWLRQ
LQ6HFWLRQ'XH WR WKHSXUSRVHRI WKLVVLPXODWLRQ WKH
IXQFWLRQDOLW\ WHVW RI WKH SURFHVV RQO\ WKH ILUVW HODVWLF
HLJHQPRGHLVLPSRUWHGWRWKH0%6IRUWKHPRGHOOLQJRIWKH
DLUFUDIW HODVWLF ERG\ 7KH ODQGLQJ JHDU IRUFHV UHVXOWLQJ
IURPWKH0%6VLPXODWLRQDUHDSSOLHGWRWKHIXOO)(0IRUWKH
GLUHFW WUDQVLHQWDQDO\VLVYLDULJLGERG\HOHPHQWV)LJXUH
VKRZV WKH SRVLWLRQ RI WKH ULJLG ERG\ HOHPHQWV ZKLFK
FRQQHFWWKHODQGLQJJHDUVKRFNDEVRUEHUDWWDFKPHQWSRLQW
WR WKH QHDUE\ ZLQJ DQG IXVHODJH VWUXFWXUH QRGHV  7KH
UHVXOW RI LQWHUHVW IRU WKH SURFHVV IXQFWLRQDO WHVW LV WKH












ZLWK D PRUH GHWDLOHG DLUFUDIW )(0 DGGLWLRQDO NQRZOHGJH
FRQFHUQLQJ WKH VLPXODWLRQ PRGHO LV UHTXLUHG $V VWDWHG
SUHYLRXVO\ LQ WKHFDVHRIDFRPSOH[)(0 WKH IXOOPRGHO
PXVW EH UHGXFHG EHIRUH WKH 0%6 DQDO\VLV FDQ EH
SHUIRUPHG 7KH UHOHYDQW QXPEHU RI HLJHQPRGHV IRU WKH
ODQGLQJ VLPXODWLRQ LV VHOHFWHG LQ WKH 0%6 PRGHOOLQJ
JUDSKLFDOXVHULQWHUIDFH
7KH'/5'DLUFUDIW IXOO)(0LVDPRGHOZLWKWKHFRP
SOH[LW\ OHYHO WKDW FDQ UHSUHVHQW WKH JOREDO G\QDPLF
EHKDYLRXURIWKHUHDODLUFUDIWVWUXFWXUH'VKHOOHOHPHQWV
DUHXVHGIRUWKHZLQJER[DQGFRQWUROVXUIDFHVPRGHO7KH
EHDP HOHPHQWV RI WKH IXVHODJH DUH VXLWDEOH IRU WKH




LQ YDULRXV '/5 DLUFUDIW ORDGV DQG DLUFUDIW G\QDPLF
UHVHDUFK SURMHFWV LQ WKH SDVW VHH >@ 7KXV WKH '/5
')(0KDVEHHQVHOHFWHGIRUWKLVVWXG\
7KUHH VHWV RI WKH QXPEHU RI WKH VHOHFWHG HLJHQPRGHV
KDYHEHHQ LQYHVWLJDWHGPRGHVDOORI WKHPRGHVZLWK
HLJHQIUHTXHQF\ OHVV WKDQ  +]  PRGHV DOO RI WKH
PRGHV ZLWK HLJHQIUHTXHQF\ OHVV WKDQ  +] DQG 
PRGHV DOO RI WKH PRGHV ZLWK HLJHQIUHTXHQF\ OHVV WKDQ
+]7KHUHVXOWRILQWHUHVWRIWKHVWXG\LVWKHHIIHFWRI
WKH QXPEHU RI WKH VHOHFWHG HLJHQPRGHV RQ WKH YHUWLFDO
DFFHOHUDWLRQRI WKHDLUFUDIWVWUXFWXUHDWVHOHFWHGSRVLWLRQV
)RXU ORFDWLRQV KDYH EHHQ FKRVHQ WR EH WKH PRQLWRULQJ
SRVLWLRQV WKH DLUFUDIW QRVH WKH DLUFUDIW FHQWHU RI JUDYLW\
WKH DLUFUDIW WDLO WLS DQG WKH DLUFUDIW ZLQJ WLS )LJXUH 
VKRZV WKH IRXU SRVLWLRQV 7KH UHVXOW RI WKLV VWXG\ZLOO EH
GLVFXVVHGLQGHWDLOLQ6HFWLRQ
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7ZR FRQILJXUDWLRQV IRU WKH WRSRORJ\ RI WKH ODQGLQJ JHDU
DWWDFKPHQW VWUXFWXUH LQ WKH ILQLWH HOHPHQW PRGHO DUH
















EOXH OLQH LV WKH UHVXOW IURPWKH0%6DQDO\VLVDQG WKHUHG
OLQHLVWKHUHVXOWIURPWKHGLUHFWWUDQVLHQWDQDO\VLV

)LJXUH  7KH YHUWLFDO DFFHOHUDWLRQ UHVXOW DW WKH WDLO WLS
SRVLWLRQRIWKHFRQFHSWXDOSDVVHQJHUDLUFUDIW
,W FDQ EH REVHUYHG WKDW WKH YHUWLFDO DFFHOHUDWLRQ DW WKH
DLUFUDIWWDLOWLSUHVXOWLQJIURPWKH0%6KDVWKHVDPHWUHQG
DV WKH UHVXOW IURP WKH GLUHFW WUDQVLHQW ILQLWH HOHPHQW
DQDO\VLV 7KLV SURYHV WKH IXQFWLRQDO RI WKH QHZ SURFHVV







0%6 VHWXS RQ WKH DLUFUDIW G\QDPLF UHVSRQVH /DQGLQJ
VLPXODWLRQVRIWKH'/5'ZLWKWZRGLIIHUHQWQXPEHUVRI
VHOHFWHG HLJHQPRGHV RI WKH DLUFUDIW HODVWLF ERG\ DUH
SHUIRUPHG IRU WKLV LQYHVWLJDWLRQ7KH ILUVW VLPXODWLRQ XVHV
PRGHV LH DOORI WKHPRGHVZLWK HLJHQIUHTXHQF\ OHVV
WKDQ+]WKHVHFRQGVLPXODWLRQXVHVPRGHVLHDOO
RI WKHPRGHV ZLWK HLJHQIUHTXHQF\ OHVV WKDQ  +] 7KH
ODQGLQJ JHDU DWWDFKPHQW VWUXFWXUH LV FRQILJXUDWLRQ 
)LJXUH  IRU ERWK VLPXODWLRQV )LJXUH  VKRZV WKH
YHUWLFDO DFFHOHUDWLRQ UHVXOW DW WKH QRVH WLS IURP WKH
VLPXODWLRQZLWKFRQVLGHUHGHLJHQPRGHV)LJXUHWRS
FRPSDUHG WR WKH UHVXOW IURP WKH VLPXODWLRQ ZLWK 
FRQVLGHUHGHLJHQPRGHV)LJXUHERWWRP7KHEOXHOLQH
LVWKHUHVXOWIURPWKH0%6DQDO\VLVDQGWKHUHGOLQHLVWKH
UHVXOW IURP WKH )(0 GLUHFW WUDQVLHQW DQDO\VLV )LJXUH 
VKRZVWKHYHUWLFDODFFHOHUDWLRQUHVXOWDWWKHWDLOWLS IRUWKH
VDPHVLPXODWLRQFDVHV
$FFRUGLQJ WR WKH UHVXOW H[SUHVVHG LQ )LJXUHV  DQG 
WKH FRQVLGHUDWLRQ RI  HLJHQPRGHV IRU WKH '/5'
HODVWLFERG\LQWKH0%6LVQRWVXIILFLHQWWRSUHGLFWWKHWUHQG
RIWKHGLUHFWWUDQVLHQWILQLWHHOHPHQWDQDO\VLV2QWKHRWKHU
KDQG WKHFRQVLGHUDWLRQRIPRGHV LQ WKH0%6JLYHVD
EHWWHU WUHQG LQ WKH 0%6 VLPXODWLRQ 7KHVH REVHUYDWLRQV
DUH YDOLG IRU ERWKPRQLWRULQJSRVLWLRQVRQ WKHDLUIUDPH ,W
FDQ EH QRWLFHG WKDW HYHQ ZLWK WKH KLJKHU QXPEHU RI
FRQVLGHUHG HLJHQPRGHV WKHUH LV VWLOO GLIIHUHQFH EHWZHHQ
WKHUHVXOWIURPWKH0%6DQGWKHGLUHFWWUDQVLHQWDQDO\VLV
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 DQG  FRQVLGHUHG HLJHQPRGHV IRU WKH '/5'
HODVWLFERG\
7KH VHFRQG SDUDPHWHU VWXG\ RI WKH QHZ SURFHVV LV WKH
VWXG\ RI WKH HIIHFW RI WKH ILQLWH HOHPHQW WRSRORJ\ RI WKH
ODQGLQJ JHDU DWWDFKPHQW VWUXFWXUH 7ZR ODQGLQJ VLPXOD
WLRQVZLWKWZRGLIIHUHQWODQGLQJJHDUDWWDFKPHQWWRSRORJLHV
DUHSHUIRUPHG IRU WKLV VWXG\7KH ILUVW VLPXODWLRQKDV WKH
ILQLWHHOHPHQWWRSRORJ\ZKLFKWUDQVIHUVWKHORDGVIURPWKH
ODQGLQJ JHDU RQO\ WR WKH FHQWHU ZLQJ ER[ DV VKRZQ LQ
)LJXUH7KHWRSRORJ\ZKLFKGLVWULEXWHVWKHODQGLQJJHDU
ORDGV ERWK WR WKH FHQWHU ZLQJ ER[ DQG WKH LQQHU ZLQJ
VHFWLRQ DV VKRZQ LQ )LJXUH  LV XVHG IRU WKH VHFRQG
VLPXODWLRQ
,QERWKFDVHV WKH'/5'HODVWLFERG\ LV UHSUHVHQWHG
E\  HLJHQPRGHV )LJXUH  VKRZV WKH YHUWLFDO DFFHOH
UDWLRQ UHVXOW DW WKH DLUFUDIW FHQWHU RI JUDYLW\ IURP WKH
VLPXODWLRQZLWKWKHODQGLQJJHDUDWWDFKPHQWVWUXFWXUHILQLWH
HOHPHQW WRSRORJ\ FRQILJXUDWLRQ  )LJXUH  WRS DQG
FRQILJXUDWLRQ  )LJXUH  ERWWRP 7KH EOXH OLQH LV WKH
UHVXOWIURPWKH0%6DQDO\VLVDQGWKHUHGOLQHLVWKHUHVXOW
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
)LJXUH  9HUWLFDO DFFHOHUDWLRQ DW DLUFUDIW ZLQJ WLS
VLPXODWLRQZLWKODQGLQJJHDUDWWDFKPHQWVWUXFWXUHWRSRORJ\
FRQILJXUDWLRQDQGFRQILJXUDWLRQ
%DVHGRQ WKHUHVXOWVKRZQ LQ)LJXUHDQG LWFDQEH
FOHDUO\ REVHUYHG WKDW IRU WKH ODQGLQJ JHDU ILQLWH HOHPHQW
WRSRORJ\ FRQILJXUDWLRQ UHVXOWV IURP WKH0%6DUH FORVHU









GLUHFW WUDQVLHQW ILQLWH HOHPHQW DQDO\VLV 7KLV KDV EHHQ
SHUIRUPHGE\WKHFRQVLGHUDWLRQRIPRUHHLJHQPRGHV
PRGHV XS WR  +] DQG WKH GLVWULEXWLRQ RI WKH ODQGLQJ
JHDU ORDGV YLD WKH ODQGLQJ JHDU ILQLWH HOHPHQW WRSRORJ\
FRQILJXUDWLRQ)LJXUHVKRZV WKHYHUWLFDODFFHOHUDWLRQ
UHVXOWVDWWKHDLUFUDIWFHQWHURIJUDYLW\ IURPWKHVLPXODWLRQ
ZLWK  FRQVLGHUHG HLJHQPRGHV RI WKH'/5'HODVWLF
ERG\FRPSDUHGWRWKHUHVXOW IURPWKHVLPXODWLRQZLWK
FRQVLGHUHG HLJHQPRGHV 7KH EOXH OLQH LV WKH UHVXOW IURP
WKH0%6 DQDO\VLV DQG WKH UHG OLQH LV WKH UHVXOW IURP WKH
GLUHFW WUDQVLHQW DQDO\VLV )LJXUH  VKRZV WKH UHVXOWV IRU




)LJXUH  9HUWLFDO DFFHOHUDWLRQ DW DLUFUDIW FHQWHU RI
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$FFRUGLQJ WR WKH UHVXOWV VKRZQ LQ )LJXUH  DQG  WKH
KLJKHUQXPEHURIFRQVLGHUHGHLJHQPRGHVXQOLNH WKH
H[SHFWDWLRQ GRHV QRW OHDG WR D VLJQLILFDQW FORVHU WUHQG
EHWZHHQ WKH UHVXOW IURP WKH 0%6 DQG IURP WKH GLUHFW
WUDQVLHQWILQLWHHOHPHQWDQDO\VLV7KHIROORZLQJ6HFWLRQ
JLYHV D PRUH GHWDLO GLVFXVVLRQ DERXW DOO RI WKH UHVXOWV
ZKLFKKDYHEHHQVKRZQLQWKHGLIIHUHQWVWXGLHV
 'LVFXVVLRQRI5HVXOWV
7KH UHVXOWV ZKLFK KDYH EHHQ GHVFULEHG LQ WKH VHFWLRQ
DERYHKDYHSURYHQWKHFDSDELOLWLHVRI WKHQHZSURFHVV WR
GHWHUPLQH WKH DLUFUDIW G\QDPLF UHVSRQVH GXH WR ODQGLQJ
JHDU ORDGV 6WXGLHV KDYH VKRZQ WKH LPSRUWDQFH RI
VHOHFWLQJDQDSSURSULDWHQXPEHURIHLJHQPRGHVGXULQJWKH
0%6 VHWXS DQG RI PRGHOOLQJ D UHSUHVHQWDWLYH ILQLWH
HOHPHQW WRSRORJ\ RI WKH ODQGLQJ JHDU DWWDFKPHQW RQ WKH
DLUFUDIWG\QDPLFUHVSRQVH
&RQFHUQLQJ WKH HIIHFW RI WKH QXPEHU RI VHOHFWHG
HLJHQPRGHVLWFDQEHQRWLFHGWKDWZLWKRQO\FRQVLGHUHG
HLJHQPRGHV IRU WKH HODVWLF ERG\ RI WKH '/5' WKH
PRGHO FDQQRW UHSUHVHQW WKH FRPSOHWH JOREDO G\QDPLF
FKDUDFWHU RI WKH DLUFUDIW 7KH UXOH RI WKXPE WR FRQVLGHU
PRGHV XS WR DQ HLJHQIUHTXHQF\ RI  +] ZKLFK LV
DFFRUGLQJ WR WKH DXWKRUV¶ NQRZOHGJH DSSOLHG E\ YDULRXV
VWXGLHVRIJOREDODLUFUDIWG\QDPLFVPD\QRWEHVXLWDEOHIRU
WKH ODQGLQJ LPSDFW VLPXODWLRQ &RQVLGHUDWLRQ RI PRUH
HLJHQPRGHV XS WR +] OHDGV WR D EHWWHU FRUUHODWLRQ RI
WKH0%6UHVXOWZLWK)(0DQG LPSOLHVDSURSHUUHSUHVHQW
WDWLRQ RI WKH DFWXDO DLUFUDIW VWUXFWXUH LQ WKH0%6 ODQGLQJ
VLPXODWLRQ7KHDWWHPSWWRLPSRUWPRUHHLJHQPRGHVRIXS
WR  +] IRU WKH VWUXFWXUDO PRGHO GLG QRW LPSURYH WKH
UHVXOWVIXUWKHU
7KLV LQIRUPDWLRQ OHDGV WR WKH VXJJHVWLRQ WKDW D SUH
SURFHVVLQJ VWXG\ RI WKH DLUFUDIW )(0 LV UHFRPPHQGHG LQ
RUGHU WR XQGHUVWDQG WKH PRGHVKDSH FKDUDFWHU RI WKH
DLUFUDIW DQG ILQDOO\ WDNH RQO\ WKRVH PRGHVKDSHV LQWR
FRQVLGHUDWLRQWKDWUHSUHVHQWWKHVWUXFWXUDOSDUWVRILQWHUHVW
DQGZKLFKHIIHFWWKHODQGLQJLPSDFWWKHPRVW




KDV D EHWWHU FRUUHODWLRQ RI WKH UHVXOWV 7KLV FDQ EH





ZLWK WKH DSSOLFDWLRQ RI SURSHU QXPEHU RI VHOHFWHG
HLJHQPRGHV DQG RI EHWWHU GLVWULEXWHG ODQGLQJ JHDU ILQLWH
HOHPHQW WRSRORJ\ 2QH RI WKH SRVVLEOH FDXVHV RI WKH
GLIIHUHQFH LV WKH FXUUHQW FRQQHFWLRQ RI WKH ZLQJ WR WKH
IXVHODJHRI WKH'/5')(0$V WKHPRGHO KDVEHHQ
VHW XS PDLQO\ IRU WKH VWXG\ RI IOLJKW ORDGV >@ WKH
FRQQHFWLRQEHWZHHQZLQJVDQGIXVHODJHKDVQRW\HWEHHQ
PRGHOOHG LQ GHWDLO&XUUHQWO\ WKHZLQJ LV FRQQHFWHG YLD D
ULJLGERG\ WRRQO\RQHQRGHRI WKH IXVHODJHEHDPPRGHO






)LJXUH  )LQLWH HOHPHQW WRSRORJ\ RI WKH ZLQJ IXVHODJH
FRQQHFWLRQRIWKH'/5'PRGHO
%DVHG RQ WKH LQIRUPDWLRQ IURP WKH UHVXOW GLVFXVVLRQ
DERYH WKH FRQFOXVLRQV DQG IXWXUH SHUVSHFWLYHV RI WKLV
UHVHDUFKZRUNDUHJLYHQLQWKHIROORZLQJVHFWLRQ
 &21&/86,21
7KLV SDSHU KDV GHVFULEHG WKH QHZ SURSRVHG SURFHVV IRU
WKH DVVHVVPHQW RI WKH DLUFUDIW G\QDPLF UHVSRQVH GXH WR
ODQGLQJ JHDU ORDGV 7KH SURFHVVKDV WZR FRUH HOHPHQWV
WKHPXOWLERG\ VLPXODWLRQ IRU WKH GHWHUPLQDWLRQ RI ODQGLQJ
JHDU ORDGV DQG WKH GLUHFW ILQLWH HOHPHQW DQDO\VLV IRU WKH
GHWHUPLQDWLRQRIWKHG\QDPLFUHVSRQVHRIWKHDLUIUDPH,Q
WKLV ZRUN D IXQFWLRQDOLW\ WHVW RI WKH SURFHVV KDV EHHQ
SHUIRUPHGZKLFK FRQILUPV WKDW WKH SURFHVV LV FDSDEOH RI
GHWHUPLQLQJ GHWDLOHG DLUFUDIW G\QDPLF UHVSRQVH GXH WR
ODQGLQJ JHDU ORDGV ,Q DGGLWLRQ WKH HIIHFW RI WZR PDMRU
SURFHVVSDUDPHWHUV WKHQXPEHURIVHOHFWHGHLJHQPRGHV
GXULQJ WKH 0%6 SUHSURFHVVLQJ DQG WKH WRSRORJ\ RI WKH
ODQGLQJ JHDU DWWDFKPHQW ILQLWH HOHPHQW OD\RXW KDYH EHHQ
VWXGLHV 7KH VWXG\ UHVXOWV VXJJHVWV WR SHUIRUP DQ
HYDOXDWLRQ RI WKH DLUFUDIW )(0 HLJHQPRGHV DV D SUH
SURFHVVLQJ VWHS LQ RUGHU WR GHWHUPLQH DQG XVH WKH
PRGHVKDSHV ZKLFK DUH UHOHYDQW IRU WKH ODQGLQJ LPSDFW
FKDUDFWHULVWLFV RI WKH DLUFUDIW 7KH VWXG\ UHVXOW KDV DOVR
VKRZQWKHVLJQLILFDQWHIIHFWRIWKHODQGLQJJHDUDWWDFKPHQW
ILQLWH HOHPHQW WRSRORJ\ ,W LV UHFRPPHQGHG WKDW WKH
WRSRORJ\ VKRXOG DV FORVHO\ DV SRVVLEOH UHSUHVHQW WKH
DFWXDOODQGLQJJHDUDWWDFKPHQWVWUXFWXUH
$&.12:/('*(0(17
7KLV ZRUN KDV EHHQ IXQGHG ZLWKLQ WKH MRLQW UHVHDUFK
SURMHFW Ä7HFKQRORJLHQ ]XU $QDO\VH XQG 5HGXNWLRQ YRQ
/DVWHQ DQ 9HUNHKUVIOXJ]HXJHQ  $7/$6+\EULG³ *UDQW
1XPEHU $% LQ WKH IUDPHZRUN RI WKH *HUPDQ
/XIWIDKUWIRUVFKXQJVSURJUDPP 1DWLRQDO $HURQDXWLFDO
5HVHDUFK 3URJUDPPH /X)R 9 7KH UHVSRQVLELOLW\ IRU
WKHFRQWHQWRIWKHSXEOLFDWLRQOLHVZLWKWKHDXWKRUV
 5()(5(1&(6
>@ .UJHU :5 ,QWHJUDWHG 'HVLJQ 3URFHVV RI WKH
'HYHORSPHQW RI 6HPL$FWLYH /DQGLQJ *HDU IRU
7UDQVSRUW $LUFUDIW '/5 )RUVFKXQJVEHULFKW 
'HXWVFKHV =HQWUXP IU /XIW XQG 5DXPIDKUW
*HUPDQ\
>@ 6SLHFN 0 *URXQG G\QDPLFV RI IOH[LEOH DLUFUDIW LQ
FRQVLGHUDWLRQ RI DHURG\QDPLF HIIHFWV +RFKVFKXO
VFKULIW 7HFKQLVFKH 8QLYHUVLW\ 0QFKHQ *HUPDQ\

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>@ 06& 6RIWZDUH &RUSRUDWLRQ 06& 1DVWUDQ ±
$GYDQFHG '\QDPLF $QDO\VLV 8VHU¶V *XLGH 06&
1DVWUDQ9HUVLRQ
>@ 06& 6RIWZDUH &RUSRUDWLRQ 06& 1DVWUDQ ± %DVLF
'\QDPLF$QDO\VLV8VHU¶V*XLGH
>@ 6,03$&.  8VHU¶V *XLGH 'DVVDXOW 6\VWHPHV
&RPSDQ\*LOFKLQJ*HUPDQ\
>@ =LOO7&LDPSD31DJHO%0XOWLGLVFLSOLQDU\'HVLJQ
2SWLPL]DWLRQ LQ D &ROODERUDWLYH 'LVWULEXWHG $LUFUDIW
'HVLJQ 6\VWHPV 3URFHHGLQJV RI WK $,$$
$HURVSDFH 6FLHQFHV 0HHWLQJ LQFOXGLQJ WKH 1HZ
+RUL]RQV)RUXPDQG$HURVSDFH([SRVLWLRQ
>@ .OLPPHN76WDWLVFKHDHURHODVWLVFKH$QIRUGHUXQJHQ




>@ &XPQXDQWLS 6 /DQGLQJ *HDU &RQFHSWXDO 'HVLJQ
DQG6WUXFWXUDO2SWLPL]DWLRQRID/DUJH%OHQGHG:LQJ
%RG\ &LYLO 7UDQVSRUW $LUFUDIW ,Q 3URFHHGLQJV RI WK
&($6 $LU 	 6SDFH &RQIHUHQFH  ±  6HSWHPEHU
'HOIW1HWKHUODQGV
>@ -RLQW $YLDWLRQ $XWKRULWLHV &RPPLWWHH SXEO -RLQW
$YLDWLRQ 5HTXLUHPHQW -$5 /DUJH $HURSODQHV
&KDQJH
>@5RVNDP - $LUSODQH'HVLJQ3DUW ,9 /D\RXW'HVLJQ
RI/DQGLQJ*HDUDQG6\VWHPV5RVNDP$YLDWLRQDQG
(QJLQHHULQJ&RUSRUDWLRQ.DQVDV
>@&XPQXDQWLS 6 /DQGLQJ *HDU 3RVLWLRQLQJ DQG
6WUXFWXUDO 0DVV 2SWLPL]DWLRQ IRU D /DUJH %OHQGHG
:LQJ%RG\$LUFUDIW3K'7KHVLV7HFKQLFDO8QLYHUVLW\
RI 0XQLFK *HUPDQ\  '/5 )RUVFKXQJVEHULFKW

>@&XPQXDQWLS6.LHU75LVVH.&KLR]]RWWR*3
0HWKRGV IRU WKH 4XDQWLILFDWLRQ RI $LUFUDIW /RDGV LQ
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